Anotfaar pcaialblllty, suggastad ly tie spece-resolved apectna, JA tint In acwB of the alitlcaa spectra tbs obaerved Ha lino wldtt was partly due to Its apace profile. In agrMoent with slltleaa spectra, the Ha lino Is generally weaKer for first than for subsequent return strokes, and the ratio of NU to NI radiation and the slope of the contlnuvn iiiir'cate a higher tenperature, oa the average, for first return strokes.
For those strokes «hose contlmiun Is fitted veil by a straight Una, the 5000-11 hleod of NU uoltlplsts looks like a good lightning dlscrlminutt for Vola ayetoroi. For strokes whose cotitluuuu drops strongly fron 4000 to 5lt00 & and rises again at langer vavelengths. It seems lees feasible. A quantitative trea-bnant cf the best channel lor dlscrtoiration must he delayed.
BM space-reoolved spectrum shows that the time-and wavelength-integrated brightness of the line radiation frcm three strong line features at 4630, 5000, aal 5680 X, aid of the total visible light, falls to hhlf central brightness ~ 8 meters frcn the channel center, while 6563 % line radiation falls to half central brightness In ~ 34 asters and la above Instranent threshold out to ~ 1P0 meters. Bnlsslon at such large distances must be caused by lateral carom currents, this was an unusual stroke, and dlmenslonB cf all other atrctes were too snail to be resolved.
I. IMRCtOCTIOM
During data reduction of stroke-resolved siltless lightning spectra 1 obtained as part of the 1965 ARPA-AEC joint llghtalng study at Toe Alamos, the question «rose whether What appeared to be continuun lit the slltless spectra might not be due largely to light scattered free clouds, rain, and aerosol near 'ihe channel« An attempt was made in the eunaer of 1966 to anawer this question. The lAOB lens and grating spactrograph used for the slltless spectroseagf and described earlier 1 was operated with a vertical entrance slit at the focus cf the Objective lane and with a 90° image rotator In front of the objective lens. With this arrangement a vertical lightning Channel la imaged horizontally across the vertical entrance slit. If there is DO light scattared near the channel, and If the channel diameter is unresolved by the objective lane, that part cf the channel imaged on the entrance slit acts as a plohol* entrance aperture and its spectrum la dlsplayed as a horizontal line in the film. TT, howewer, a significant amount of light la scattered or emitted on either side of the channel, than the spectrum of this light is displayed above and below the spectrum of the channel core.
Hundreds cf stroke-resolved silt spectra of lightning were obtained In the svnoner oT I966 by this technique, but only 24 were Judged suitable for reduction and reported here. OtJy one of the 24 had sufficient light scattered or enlt'^d near the channel to give an exposure allowing spatial resolution of this light.
II. STR0KE-RB30LVED SLIT SIECTOOSCOPr OF rjCHTNDK

A. Aaparatus
The spectrograpb used la the N4CB lens and grating spectrograpfa 2 with a film-aperture ratio of f/2.6 and a dispersion of 90 l/mu, A 90° Imags rotator made cf two glass prisms was placed In front of the objective lens to Image the vertical lightning channel horizontally across the vertical en. trance slit. The spectrograph's horizontal field of view was 16°. The spectra taken on September 7, 3967 wre Obtained using a 200^ entrance slit (this corresponds to •• 6.5 I in the film plane); for all other spectra the allt width was 100 |a. The width at half»intensity for lines of a mercury caurce wss Sill (the entrance allt width was 100 y, and the densitometer allt width was 25 ^). 1o improve the si^nal-to-nolae ratio In the lightning spectra, they were deneltmetared with a slit 125-ti wide, giving an Inetrunental width of ~ 10 & for the reduced spectra, Eastman Kodak 2hij film was used.
Tbe spectrogra^h calibration was determined at 50-Jl intem-ale. Tha calibration and method cC djr.ta reduction have been described earlier. 2. Coctlnuga shape -The contimnm level la reasonably easy to determine between U$00 and (3*00 %, but for sane spectre it is difficult to say whether there are strong tumps in the continum between UOOO and h500 % and becween 6400 aad 6700 \, or whether these humps are due to a high density of overlapping lines. There la no con-elation between the presence or absence of these bunps and the magnitude of the flux at the entrance pupil which would indicate an instnanental effect or error in calibration. A large fraction of the spectra can be closely fitted by a straight line If the strong bv-ps discussed above are attributed to lin* radiation. The shape of tha cootimiun for these strokes is then in agreement with that reported in lA-3Tjk, and can be explained by a bremsStrahlung source. For electron temperatures between 18,000 and 28,000%, optically. thin bramsatrahlung continuun has a fairly linear wavelength dependence throughout the visible, with a 3900u to 69OO-X continuun ratio of -1.3 at 18,000% and ~ 1.8 at 28,000 o K. Even at electron temperatures as high as 50,000% the visible continuun, although beconing slightly concave, can be fitted oy a etralght line to within 101, and the 3900-to 6900-1 continuun ratio is »2.4. I«r(ger ratios result at a given elBotron tcmperatiire at, the aouree betaneB optically thicker.
'Omre aro «pectra (see Pis». 6, 9, i9-21) which we not .. simpjy explained In tjnna of bi-erasatrahliu« radiation. Their contlmnaa falls EO fast fro« 4000 to 5500 A t>«t It must be aeeuned that the early high tampurature phase of the channel was IntarMdlate Ix/tween op» ically thin and thick, while the rise in the contlauum towards longer vave lengths could be di» to eml^elon, eltter of long duration or at higher than nomal electron densities, late In the ctamnel hlstoiY when electron temperature had drqppad below ll.OOü^K.
Tbe contlnuun spectru' agreement for slit and alltless »pectra la good.
The bett agreeraent Is between the first return utroke (slltless spectrum) at run 40, count 171, 1965, and the first return stroXe (slit spectr_j) of count 76, September 7, 1966. For these two strokes, even the llne-tocontlnuum ratio is about the same, although there la a slightly different intensity distribution anoog the liiea. AB for the 196? spectra, the contlnm« generally fells off more quickly frcci blue to red for first return stroken than for subsequent return strokes. Indicating a higher temperature for first return strokes in most casee.
Ihe spectra have been canpared wltli continuxm •pectra publihed by Orvtlle and Uaan, 8 Purthemicre, äalsnavc et al. have shown that for a «Iven stroke, the relative intensity of this feature varies along the, height of the channel. 7 The blend of multlpleto between 4000 and 4250 I agrees with alltiec;, spectra for sane strokes, while for otrsera it io «ucJi strongpr. Hiebe variations la» dlcate real differences in the data sanplfi and are not icstnmental effects.
Bie question wna raised in IA-3754, whether scattering or light emission close to the channel could result in apparently broader .Mnes for slltless spectra. Ite hnlf-width (width at half-intensity) hfiH been measured for a number of line features, and the average half-width and mean deviation are listed in Table I for slit and slltless spectra. The "vcrage lialf-width agrees within the mean deviatlon far all lines except ffa.. Nonresonant scattering cannot explain this difference, and on» possible explanation ic that Stark broadening was larger for the sample of slltlesB spectra than for the slit spectra. A tabulation of Stark-broadened line profiles for hyürogen s shews that a factor of two difference in electron density can acceiuvt for the difference In line width. Another possible explanation, suggested by the results of the spaceresolved spectrum, is that in some of the slltless spectra the observed lb line width was partly due to ite space profile. She apparent brigbtness 28 meters fron the channel center is orders of magnitude greater than would bu expected for light scattered either fron heavy rainfall or frcn a cloud behind the channel. Turthermo.'s, the strong change in shape of the contlnuun at points avay from the channel center indicates that tl* scatterers or reflecting surfaoe are dispersive. I Bust therefore conclude that there is strong light «miss ion from points as far as 31 meters froci the channel center, and that at 6^63 I the appareut brigbtness Is above threshold out to -l o 0 aeters. tltae tine« and wavelength-integrated brightness at all visible light (all line plus eontismn radiation bfc.ween 3900 and 69OO A except the Ha line) emitted by the channel falls off exponentially as a function of distance from channel center out to apprOKliuatoly 31 meters, at which point it still docreases, but quite slowly. A similar dependence was found for atonic line emission of three strong line features at 4630, 5000, and 5680 1, and in all four cases the brigbtness dropped to half ths channel esnter brightness in ~ 6 meters. Howrver, the tine-and wavelength» integrated brigtatnass of the Ha line has an exponential dependence «it to at least 62 Bwters, and has droppeA to hmlf oentral brightness In -34 me fers.
Bis fact that the half-width of the spatial brlghtnsss profile 1« four tlmsaa larger for Ja than far ths other emission lines or for tin total visible light can also explain the difference in Bi line width for the slit and slitless spectra. a» contmun for the chamel core can be fitted vezy well by a straight line throughout ths visible except for a slight bunp in ths vicinity of Kb.. At » 13 maters fron channel center, however, the contianu has a strong, brood bunp peaking near 4730 Jl and another peaking between 6500 and 67OO X, n»re are m inlas at ~ 3700 and 4130 i with e rising continuum at wave lengths shorter than 41^0 J.. Itm shape of the conrinom for the c <annel core can be explained in terms of brenestrahlwig radiation, but X presently hav» no pi^-sical interfretation for the shape of ti» continuum at points off channel center, I can only conclude th't the emission at such great distances must be excited by a lateral flew of current between the lightning channel and highly charged air surrounding it. To danonstrate the plausibility of this. Pi«. Ü3 sham an enlarged photograph of a lightning flash fro« thp 19^3 study (count 393 of run 30). It was taSen at night using a red filter (~ 500-Jl half-width, peek at ~ £330 X) in front of a 63-iEm,f/4 lens. Tbt ranes was measured as 13.4 km by photographic triangulation. übe main channel jetween cloud and ground is » 2.4-laB long. Tbere «re many branches off the wain channel t.ito the surrounding air, iadicating that the air was highly charged. Use width of these branch strokes indicates the resolution limit of the camera. 9» main channel to ground consists of a bright core, whose diameter is also unresolved by the camera, and a broad emitting region whose diameter varies fron «. 150 meters near the cloud to -> 200 meters near the ground. The uniformity of the brightness in this region leads me to conclude that the emission is due to a ecrone-type discharge. 
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Tit. 21. /lux «t Bpectrograpii entrance pupil trcm ~ 17-ia»ter lei«th cf chan»!, uncarrected for rain traoBmlsslon. First return stroke.
